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(54) Mixing in an extruder for a cable-making process 

(57) An on-line compounding process for making a strippable screen in the manufacture of an electric power 
cable having insulation of an ethylene homopolymer or copolymer crosslinked via silane links comprises: 
feeding to an extruder 

(a) a preformed composition comprising an ethylene copolymer and carbon black; 

(b) particulate polypropylene; and 

(c) crosslinking agents comprising an unsaturated hyrolysable silane, a grafting initiator and a silanol 
condensation catalyst; 

mixing these ingredients and generating pressure in the resulting mixture in a first zone of the extruder at a 
temperature above the softening range of the copolymer but substantially below the softening range of the 
polypropylene so that it is dispersed in the solid state into the plastified copolymer; 

and only after the crosslinking agents at least are dispersed through the mixture raising the temperature 
of the mixture in a second section of the extruder above the softening range of the polypropylene and 
sufficient to initiate grafting of silane side-chains to the copolymer and blending to further disperse the now 
molten polypropylene. 

Insulation of the cable may be performed by coextrusion with the insulation and conductor screen in a 
triple extrusion head. The copolymer is EVA. 
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Cable -ma king Pronftsfl 
This invention relates to a process for use in making 
electric cables, and more particularly polymeric power cable 
having insulation of an ethylene homopolymer or copolymer 
5 crosslinked via silane groups and having a semiconducting 
dielectric screen (or outer shield) on the outside surface o 
the insulation. Normally such cables will have at least one 
load- carrying conductor of copper or aluminium, a 
semiconducting conductor screen (or inner shield) between 
10 this conductor and its insulation, and an enclosing sheath 
(or jacket) of metal, polymeric material, or a composite. 

The present invention relates particularly to the 
manufacture of the dielectric screen of such cables. 

The dielectric screen of a cable needs to adhere 
15 strongly enough to the insulation to minimise the risk of 
voids occurring at the interface, but needs to be removed 
without leaving a conductive residue and ideally without 
removing any insulating material where the cable is jointed 
or terminated, and a preferred class of dielectric screen 
20 (IEC 502) is designated "strippable" , indicating that it can 
be cleanly stripped from the insulation by peeling and does 
not require the use of cutting tools between the screen and 
the insulation or of abrasives. 

Strippable screens for cables in which the insulation is 
25 crosslinked via silane links (introduced by grafting 

hydrolysable silane groups into the polymer and then, after 
the insulation (and normally each of the screens) has been 
applied to the conductor exposing it to the action of 
moisture and a silanol condensation catalyst conventionally 
30 use polypropylene blended with an ethylene copolymer (usually 
EVA) as polymer base to get the required bond strength in 
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combination with high enough tensile strength, tear strength 
and deformation resistance at processing temperature to meet 
the requirements of the application. In current practice, 
cable -makers buy in a screen composition, and this is 

5 expensive because of the technical difficulties of processing 
both polypropylene and carbon black, an din particular the 
need for scrupulous cleaning of the blending equipment after 
production of relatively small volumes of the compound. On- 
line compounding has been considered (for instance, Research 

10 Disclosure, 371 March 1995, page 228, item no 37155) but has 
not so far been found practicable. 

In accordance with the present invention, an on-line 
compounding process for making a strippable screen in the 
manufacture . of an electric power cable having insulation of 

15 an ethylene homopolymer or copolymer crosslinked via silane 
links comprises: 
feeding to an extruder 

(a) a preformed composition comprising an ethylene copolymer 
and carbon black; 
20 (b) particulate polypropylene; and 

(c) crosslinking agents comprising an unsaturated 
hyrolysable silane, a grafting initiator and a silanol 
condensation catalyst; 

mixing these ingredients and generating pressure in the 
25 resulting mixture in a first zone of the extruder at a 

temperature above the softening range of the copolymer but 
substantially below the softening range of the polypropylene 
so that it is dispersed in the solid state into the 
plastified copolymer; 
30 and only after the crosslinking agents at least are 

dispersed through the mixture raising the temperature of the 
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mixture in a second section of the extruder above the 
softening range of the polypropylene and sufficient to 
initiate grafting of silane side-chains to the copolymer and 
blending to further disperse the now molten polypropylene . 
5 The blending step is preferably performed by a "Saxton" 

mixing section of the extruder screw, but other suitable 
mixing apparatus (for example a cavity- transfer mixer) can be 
used. The pressure generated by the first section of the 
extruder, where the polypropylene is solid, is available to 

10 maintain flow through the remainder of the extruder. 

Once blended, the composition should be immediately 
applied to the insulation of the cable, preferably by 
co-extrusion with the insulation and the conductor screen in 
a "triple" extrusion head. 

15 Preferably the copolymer is EVA and the crosslinking 

additives are also conventional - that is either vinyl 
trimethoxy silane or vinyl triethoxy silane, a suitable 
peroxide and dibutyltin dilaurate - but alternative reagents 
that have been proposed can generally be used if desired. 

20 The invention will be further described, by way of 

example, with reference to the accompanying drawing which is 
a diagrammatic representation of an extruder for carrying out 
the process of the invention. 

A preformed blend ( "masterbatch" ) comprising (by weight) 

25 20 parts conductive carbon black, 79.4 parts EVA and 

0.6 parts of a conventional antioxidant is preformed and is 
fed as granules to the hopper of the extruder, as is granular 
polypropylene at the rate of 27.4 parts; a liquid "cocktail" 
of crosslinking agents is injected to the base of the hopper 

30 at the rate of 1.25 parts. This cocktail comprises (by 
weight) 1 part of a peroxide grafting initiator with an 
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activation temperature of 190 °C, 0,36 parts of dibutyltin 
dilaurate and 10.93 parts of silane acting as solvent. 

The extruder has five thermal zones 1-5 (top of figure) , 
of which the zones 1 and 2 are maintained at 13 0 °C and 14 0 °C 
5 respectively and constitute the first zone in accordance with 
the invention: the temperature of the polymer mix in these 
zones is estimated as about 10 °C higher than the set 
temperature indicated because of shear heating, but is still 
well below 160 °C, the melting-point of the polypropylene (for 

10 example, Hoechst 1780SI) . In thermal zones 1-2 the EVA 

masterbatch is plastified, the polypropylene dispersed in it 
as solid particles and the crosslinking cocktail evenly 
distributed; enough pressure is generated in the mix to 
propel it through the extruder (in conjunction with the 

15 relatively small effect of the remainder of the extruder) . 
The third thermal zone is transitional, the set temperature 
being 160 °C and the mix temperature estimated at 170 °C by the 
time it reaches the end of the zone; in this zone, the 
polypropylene is melted but not fully dispersed and the 

20 grafting reaction is initiated but not completed. Thermal 
zones 4 and 5 are set at 190°C and 200°C respectively, and 
the estimated mix temperature in these zones is estimated to 
be about the same as the set values . 

Structurally (bottom of figure) , the extruder comprises 

25 four zones distinguished by the structure of the screw: first 
a feed zone 6, then a transitional zone 7 leading to a 
"metering" zone 8, the primary function of which in the 
present invention is to provide sufficient dwell time for the 
grafting reaction to be completed in the extruder (not fully 

30 in this zone) and finally a blending zone 9 of the "Saxton" 
type comprising many minor flights and channels of long pitch 
compared with the remainder of the screw, interrupted by 
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major channels of reverse hand to effect distributive mixing 
and break up laminar flow. 
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CLAIMS 

1 An on-line compounding process for making a strippable 
screen in the manufacture of an electric power cable having 
insulation of an ethylene homopolymer or copolymer 
5 crosslinked via silane links comprising: 
feeding to an extruder 

(a) a preformed composition comprising an ethylene copolymer 
and carbon black; 

(b) particulate polypropylene; and 

10 (c) crosslinking agents comprising an unsaturated 

hyrolysable silane, a grafting initiator and a silanol 
condensation catalyst ; 

mixing these ingredients and generating pressure in the 
resulting mixture in a first zone of the extruder at a 

15 temperature above the softening range of the copolymer but 
substantially below the softening range of the polypropylene 
so that it is dispersed in the solid state into the 
plastified copolymer; 

and only after the crosslinking agents at least are 

20 dispersed through the mixture raising the temperature of the 
mixture in a second section of the extruder above the 
softening range of the polypropylene and sufficient to 
initiate grafting of silane side-chains to the copolymer and 
blending to further disperse the now molten polypropylene. 

25 2 A process as claimed in claim 1 in which the blending 
step is performed by a "Saxton" mixing section of the 
extruder screw. 

3 A process as claimed in claim 1 or claim 2 in which the 
copolymer is EVA and the crosslinking additives are either 
30 vinyl trimethoxy silane or vinyl triethoxy silane, a peroxide 
and dibutyltin dilaurate. 
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4 A process as claimed in any one of claims 1-3 in which 
the composition, once blended, is immediately applied to the 
insulation of the cable, by co-extrusion with the insulation 
and the conductor screen in a "triple" extrusion head. 
5 5 An on-line compounding process for making a strippable 

screen in the manufacture of an electric power cable having 
insulation of an ethylene homopolymer or copolymer 
crosslinked via silane links substantially as described with 
reference to the drawing. 
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